Background: Physical activity levels in childhood have decreased, making the promotion of children's physical activity an important issue. The present study examined gender and grade differences in objectively measured sedentary behavior, physical activity, and physical activity guideline attainment among Japanese children and adolescents. Methods: In total, 329 boys and 362 girls age 3-15 years completed the survey. School grade, gender, height, and weight were collected by questionnaires and physical activity objectively measured using an accelerometer (Lifecorder Suzuken Co.). Physical activity level (in MET) was classified as sedentary (<1.5), light (≥1.5 to <3), moderate (≥3 to <6), or vigorous (≥6). Continuous zero accelerometer counts for ≥20 min were censored and a valid accelerometry study required at least 3 days (2 weekdays and 1 weekend day) with > 600 min/day total wear time. Two-way analysis of covariance and logistic regression analyses, adjusted for weight status and accelerometer wear time, were used to examine gender and grade differences in physical activity variables and the likelihood of physical activity guideline attainment by gender and grade level. Results: Participants were sedentary 441.4 (SD, 140.1) min/day or 53.7 % of the average daily accelerometer wear time of 811.2 (118.7) min, engaged in light physical activity 307.1 (70.0) min or 38.4 % of wear time, moderate physical activity 34.6 (14.8) min (4.3 %), vigorous physical activity 28.3 (19.1) min (3.6 %), and took 12462.6 (4452.5) steps/day. Boys were more physically active and took more steps/day than girls. Students in higher grades were less active than those in lower grades. Boys were significantly more likely to meet physical activity guidelines than girls (OR: 2.07, 95 % CI: 1.45-2.96). Preschoolers (6.66,), lower-grade elementary school students (17.11, 8.80-33.27), and higher-grade elementary school students (7.49, 4.71-11.92) were more likely to meet guidelines than junior high school students. Conclusions: Boys and lower-grade students engaged in more physical activity and were more likely to attain guidelines than girls and higher-grade students. These findings highlight the need for effective and sustainable strategies to promote physical activity in Japanese school children.
Background
Physical activity is important for good physical and mental health among children [1] [2] [3] . However, a recent review of longitudinal studies from around the world concluded that the level of physical activity in childhood has decreased, with a corresponding increase in adiposity [4] . The World Health Organization recommends that children and adolescents aged 6-17 years engage in at least 60 min of moderate to vigorous physical activity daily [5] . Another study recommends that boys take an average of 13,000-15,000 steps/day and girls 11,000-12,000 steps/day [6] .
Before an effective intervention strategy for promoting physical activity can be developed, an understanding of current levels of physical activity (frequency, duration, intensity) in the target population is needed [7] . This assessment would allow us to identify which groups of children should be targeted for promotion of physical activity. Descriptive epidemiological studies assessing objectively measured physical activity among children suggest that boys are more active than girls and that physical activity declines in both genders with age, while sedentary behavior is higher in girls and increases in both genders with age [8] [9] [10] [11] . These differences have been reported consistently in multiple countries [12] , even though physical activity habits differ by culture and lifestyle [13] .
Only a few such studies in Japanese children have been reported, and most have used self-reports to assess gender and age differences in physical activity. However, recent evidence indicates that self-reports may underestimate activity. Furthermore, self-reports do not provide an adequate description of the duration and intensity of physical activity [14, 15] , although they are useful for assessing where and what type of physical activity the children are engaged in [16] . Recently, devices such as pedometers and accelerometers have been introduced to objectively measure and detect children's physical activity. These devices provide objective measurements, and so are of much greater utility for assessing the duration and intensity of physical activity.
Identifying the characteristics of objective physical activity may help in designing more effective intervention strategies for children and adolescents. To our knowledge, no study has used such devices to objectively measure gender and age differences in daily physical activity among children and adolescents in Japan. Therefore, it is meaningful for promoting physical activity in Japanese children and adolescents. The purpose of the present study was to examine gender and grade differences in objectively measured physical activity, sedentary behavior, and attainment of physical activity guidelines among Japanese children and adolescents. The present study hypothesized that physical activity level would be lower on weekends, especially among girls and children in upper grades, and conversely that sedentary behavior would be higher on weekends.
Methods

Participants and data collection
The present cross-sectional study was conducted in a cohort of children attending a public preschool (3 grades, age 3-5 years), an elementary school (6 grades, age 6-11 years), and a junior high school (3 grades, age 12-14 years) in Okayama city, Japan, in 2010 and 2011. In total 2815 children (1474 boys and 1341 girls) age 3-15 years completed the survey. A total of 787 agreed to participate in the physical activity (accelerometry) component of the study, but 96 had missing physical activity data. Thus, 691 children and adolescents (329 boys and 362 girls) with valid physical activity data were included in the final analyses. The study area was neither metropolitan nor rural, with a population of 24,973 (11,986 male) in 9794 households as of June 2010 [17] . After permission to conduct the study was received from the principals of each participating school through the city Board of Education, children and their parents/guardians were sent a letter explaining the ethical considerations of the study and requesting their participation. Return of the letter constituted informed consent. Children and adolescents received the accelerometer from their classroom teachers. The study was approved by the Human Research Ethics Committee of Waseda University (application number 2011-055, 2011-255).
Measures
Demographic data
Data on gender, age, height, and weight were gathered from each school. Body mass index was calculated from the height and weight data. Definitions of healthy weight, overweight, and obesity are based on Cole et al. [18] .
Physical activity and sedentary behavior
Physical activity and sedentary behavior were measured for 7 consecutive days using a waist-worn accelerometer (Lifecorder, Suzuken Co., Ltd., Japan) widely used by individuals, from children to the elderly, in Japan. A previous study among Japanese children reported that physical activity energy expenditure using the doubly labeled water method was significantly correlated with physical activity intensity as measured by the Lifecorder (sedentary; r = −0.78, light to moderate physical activity; r = 0.71, vigorous physical activity; r = 0.83) [19] . The epoch length of Lifecorder is 2 min. Children were instructed to wear the accelerometer throughout the day except during sleep and water-related activities (e.g., bathing, swimming). The mean time of physical activity during one day was evaluated. On the basis of the nine exercise intensity levels from the Lifecorder data, physical activity was classified as sedentary (0-0.5; <1.5 MET), light (1-3; ≥1.5 to <3 MET), moderate (4-6; ≥3 to <6 MET), or vigorous (7-9; ≥6 MET) [20] . The average number of steps, time spent in sedentary behavior, and times spent in physical activities at each of the defined intensity levels were determined. Times spent in sedentary behavior and in the defined levels of physical activity are expressed as a percentage of average total daily accelerometer wear time. Continuous zero counts of ≥20 min were excluded as non-wear periods. Participants were included for analysis if they had complete data on a minimum of 3 days (2 weekdays and 1 day on the weekend) and wear time was more than 600 min on each of the 3 days. Lifecorder data were edited and aggregated using the Data Conversion Software (Knack Technical System, Inc.).
Statistical analyses
Two-way analysis of covariance was used to examine gender and grade differences in physical activity and sedentary behavior variables separately for weekdays and weekends, adjusted for weight status and wear time. Effect sizes (η2) were also calculated to examine the practical significance of these differences. Logistic regression analyses were conducted to examine independent relationships between attainment of physical activity guidelines (recommending that children and adolescents engage in at least 60 min of moderate to vigorous physical activity daily) and both gender and grade level, adjusted for weight status and wear time. These physical activity guidelines are applied for children 6-17 years by the World Health Organization [5] and for early childhood in Japan [21] . All statistical analyses were performed using PAWS Statistics 21 and results were considered significant at p < 0.05.
Results
Demographic and physical activity of the participants Table 1 shows the sociodemographic characteristics and physical activity levels of the study participants. The majority of participants were in junior high school (52.0 %) with the rest divided between preschool (15. 
Differences in physical activity levels by gender and school grade
Statistical analyses of differences in accelerometry-related parameters revealed main effects of gender (except for sedentary behavior and light physical activity on weekends) and grade (except for moderate physical activity on weekends), as well as significant interactions between gender and grade (except for weekday and weekend step counts and weekend moderate physical activity) ( Table 2) . On weekdays, boys engaged in less sedentary behavior (F = 21.8, df = 1686, p < 0.01), more light (F = 14.8, df = 1686, p < 0.01), moderate (F = 10.1, df = 1686, p < 0.01), and vigorous (F = 7.7, df = 1682, p < 0.05) physical activity, and performed more total steps (F = 70.8, df = 1686, p < 0.01) than girls. On the weekends, boys also engaged in more moderate (F = 7.6, df = 1426, p < 0.05) and vigorous (F = 6.4, df = 1405, p < 0.05) physical activity, and took more steps (F = 22.6, df = 1427, p < 0.01) than girls. Higher-grade participants exhibited more sedentary behavior on weekdays (F = 232.8, df = 3686, p < 0.01) and weekends (F = 29.8, df = 3427, p < 0.01) than lower-grade participants. Higher-grade children were less active on weekdays, engaging in less light (F = 216.9, df = 3686, p < 0.01), moderate (F = 144.5, df = 3686, p < 0.01), and vigorous (F = 32.0, df = 3682, p < 0.01) physical activity than lower-grade participants. Higher-grade participants also took few steps on weekdays (F = 67.9, df = 3686, p < 0.01). Similarly, higher-grade students were less active on weekends, performing less light (F = 35.4, df = 3427, p < 0.01) and vigorous (F = 8.7, df = 3405, p < 0.01) physical activity, and taking fewer total steps (F = 4.4, df = 3427, p < 0.01) than lower-grade participants. Only moderate physical activity on weekends did not differ between higher-and lower-grade participants. 
Attainment of Physical activity guidelines by gender and grade level
Discussion
The present study examined differences in objectively measured activity levels and attainment of physical activity guidelines in Japanese children and adolescents according to gender and school grade. Boys and younger students were more active than girls and older students. Moreover, approximately half of the preschool and elementary school boys and girls attained the recommended physical activity levels, while 70 % of junior high school students did not. These findings indicate that strategies to promote greater physical activity among Japanese children and adolescents should include special emphasis on physical activity for girls and on maintaining activity throughout adolescence.
The present results indicate that students engaged in less moderate and vigorous physical activity on weekends than weekdays, despite the time spent on mandatory sedentary weekday activities such as sitting in class. Similar trends were reported among young children and youth in Hungary [22] , Germany [23] , Portugal [24] , China [25] , France [26] , Spain [27, 28] , and Canada [29] . Thus, to promote moderate to vigorous physical activity, it may be effective to consider not only school- based approaches but also home and neighborhoodbased approaches. Children have more time for physical activity on weekends at home or in a neighborhood setting than at school because there are time restrictions such as class on weekdays. Therefore, an approach that considers neighborhood environment, social support from family, and the community may increase physical activity among Japanese school children [30] . On both weekdays and weekends, boys were more likely to spend time on moderate and vigorous physical activities and less likely to spend time on sedentary behaviors than girls. The same was true of younger students compared to older students. Previous studies have shown that boys are more active than girls worldwide [9, 23, 24, [26] [27] [28] [29] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In Japan, the gender difference among elementary school children is especially pronounced. Therefore, promoting physical activity for elementary school girls is urgently needed. Moreover, the present results show children's physical activity declines from elementary school to junior high school even though physical activity level was higher in elementary school than preschool. Previous studies from England [37] , nine European countries [41, 42] , France [26] , U.S. [9, 34, 43] , Canada [33] , Spain [27] , Denmark [7] , and Mexico [44] have also shown that physical activity levels decline with age. Since physically active children are more likely to become physically active adults [45] , it is important to identify ways to prevent the decline and to promote activity during the childhood years.
Time spent on sedentary behavior increased with school grade, and girls were more sedentary than boys on both weekdays and weekends. Similar results have been reported in previous studies [23, 26, 27, 43] . Moreover, children who spent less time on sedentary behavior spent more time on light physical activity, and vice versa, on both weekdays and weekends. These reciprocal relationships were found in previous studies as well [21, 33, 43] , suggesting that a strategy focused on reducing sedentary behavior would concomitantly promote light physical activity. Therefore, in addition to strategies for promoting moderate to vigorous physical activity, strategies for reducing sedentary behavior and promoting light physical activity may benefit sedentary or slightly active children. On weekdays, sedentary behavior increases with grade because children in higher grades spend more time at school. On weekends, children are not restricted by class time. Therefore, a targeted plan to reduce sedentary behavior on weekends or outside of class time on weekdays, such as during recess or after school, may be effective.
Boys and younger students also took more steps per day than girls and older students on both weekdays and weekends. Boys were more likely to take the recommended number of steps [6] on both weekdays and weekends, whereas girls were likely to be 1000 steps per day under the recommended number [6] with the exception of preschool girls on weekends. Children take fewer steps per day on weekends than weekdays in other countries as well [46, 47] . A positive association was found between children's physical activity on weekends and family encouragement or family social support [48] . Moreover, the Canadian Physical Activity Levels Among Youth (CANPLAY) study found that every 1000-step increase in a parent's step count per day was associated with 200-450 extra steps per day in the child's count [49] . Therefore, to increase steps on weekends, a familybased education program or intervention could be effective. The present study indicated that boys were more than twice as likely to meet the WHO guidelines than girls, in agreement with previous studies on gender differences in activity goal attainment [23, 27, 35, 40-43, 50, 51] . For instance, fourth-through sixth-grade boys in the U.S. [43] were 5.85 times more likely than girls to attain recommended levels of physical activity. Also consistent with the present results, goal attainment also fell with age; fourth-grade children in the U.S. were 1.53 times more likely than fifth-and sixth-grade children to attain the guidelines. There are, however, substantial differences in goal attainment levels across studies. In the present study, less than 50 % of the children met the recommendation for at least 60 min of moderate to vigorous physical activity per day. However, a study in Europe found that more than 90 % of children attained the guidelines [43] , while other studies in England [35] , China [25] , and European countries [50] found guideline attainment under 10 %. In the present study, 75.0 % of elementary school students in the higher grades met the guidelines, higher than the 24.3 % reported in the aforementioned U.S. study [43] . Guinhouya et al. reviewed several studies of European children and suggested that reported differences in guideline attainment could be attributed to different accelerometer cutoff points [52] . Up to 100 % of youth may be considered sufficiently active when using approximately >1000-1500 cpm, the most widely used cut-off point, up to 87 % when >2000 cpm is used, but no more than 3-5 % when a cut-off point of >3000 cpm is used. In the present study, the accelerometer was only capable of measurements for 2-min epochs, and it estimated rather than counting the minutes for each activity level and steps. Therefore, these percentages should be compared and interpreted carefully.
In 2012, the Ministry of Education, Culture, Sports, Science and Technology of Japan recommended that preschoolers participate in 60 min or more of physical activity daily [21] . Physical activity guidelines for older children have not yet been established in Japan. The present study indicates that the percentage of Japanese children attaining the guidelines is low. A better understanding of the sociodemographic, psychological, social, and environmental variables that affect guideline attainment is needed in order to develop effective strategies to encourage physical activity.
Some limitations of the current study should be considered. First, the accelerometer was capable of activity measurement only in 2-min epochs, while a shorter epoch is strongly recommended for children because their physical activity is often intermittent [53] . Therefore, the amount of sedentary time and vigorous physical activity may be underestimated while light and moderate physical activity may be overestimated. Second, the participants were living in a relatively narrow area of Japan, which could limit generalizability. Despite these limitations, the present study is meaningful as it is the first to indicate gender and age (school grade) differences in physical activity, sedentary behavior, and guideline attainment among children and adolescents in Japan. The present data can be used to inform interventions for promoting physical activity in Japanese children and adolescents.
Conclusions
Japanese children and adolescents were engaged in sedentary behavior for more than half of the time they wore the accelerometer. Boys and lower-grade students were less sedentary and engaged in more physical activity than girls and higher-grade students. These findings highlight the need for effective and sustainable strategies to promote physical activity in Japanese school-age children.
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